Background. It is unknown how impairments caused by multiple sclerosis (MS)
. Furthermore, people with MS reported restrictions in participation within the community and a decreased quality of life. [2] [3] [4] Frequently reported impairments 1 on the body functions and structures level of the ICF, such as muscle weakness, increased muscle tone, coordination problems, sensory deficits, and pain, have a negative influence on the ability of people with MS to perform activities of daily living (ADL). To date, however, the extent to which impairments on the body functions and structures level affect upper limb capacity and performance in daily life (activity level of the ICF) and integration within the community (participation level of the ICF) is unclear. Quantifying the relationships among different ICF levels may help clinicians to enhance upper limb rehabilitation strategies for people with MS.
So far, only a few studies on MS have investigated the association between disability on the activity level and impairments on the body functions and structures level, such as muscle weakness, [5] [6] [7] [8] [9] increased muscle tone, 6 coordination problems, 6,10,11 and sensory deficits. 7 None of those studies included more than 3 different outcome measures to assess impairments on the body functions and structures level, and most of the studies used only the Nine-Hole Peg Test (NHPT) to assess impaired upper limb capacity on the activity level. 6,7,10,11 Despite recommendations for the use of patient-reported outcome measures (also called perceived measures), 5,12-15 only 3 smallscale studies 5, 8, 9 have investigated the association between perceived upper limb performance on the activity level and impairments on the body functions and structures level. In addition, the association between upper limb capacity measures, such as the NHPT, and measures of perceived performance on the activity level has rarely been investigated. 9 However, associations among outcome measures on different ICF levels could be influenced by disability level, as clearly demonstrated in studies investigating walking capacity and performance in people with MS. 16, 17 Moreover, research on stroke has suggested that the stratification of patients according to the level of upper limb dysfunction is important for optimizing outcome assessment, therapy selection, dose, and intensity in rehabilitation management. 18 These findings may indicate the need to also differentiate people with MS and different upper limb disability levels. The Expanded Disability Status Scale (EDSS) is most frequently used to differentiate people with MS and different disability levels. 2, 19 However, scoring on the EDSS is mainly based on ambulation. Therefore, another measure or scale is needed to differentiate levels of severity of upper limb dysfunction. The NHPT, a manual dexterity measure and part of the frequently used MS Functional Composite Score, 20 appears to be a good outcome measure for differentiating the levels of severity of upper limb dysfunction. 21, 22 To date, however, it is not clear which cutoff values on the NHPT should be applied to differentiate subgroups with different dexterity levels.
In summary, previous studies investigating the relationships of upper limb disability measures on different ICF levels were characterized by small sample sizes, a small number of outcome measures, and no differentiation of people with MS and different dexterity levels. With these issues in mind, we postulated that a large study with comprehensive upper limb assessments on different ICF levels in people with MS and different dexterity levels is warranted to better understand upper limb dysfunction in people with MS. We hope that such an understanding will serve as the basis for enhancing upper limb rehabilitation in people with MS.
The first aim of this study was to determine which impairments (eg, muscle weakness, spasticity, and impaired sensory function) best explain the capacity to perform standardized upper limb tasks, perceived upper limb performance in daily life, and the perceived ability to participate in the community. Second, we aimed to determine which upper limb capacity measures best explain perceived performance on the activity level. The dexterity level was taken into account in the analyses because we hypothesized that associations among outcome measures may differ in people with MS and different dexterity levels. 23 ) and with a minimal ability to move the upper limb (able to touch their chin with one hand) were included. People with MS, people with a relapse or a relapse-related treatment
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1 month before the study, and people with another neurologic, orthopedic, rheumatoid, or cognitive impairment that would interfere with the execution of the outcome measures were excluded. The EDSS scores and disease duration determined by neurologists were retrieved from medical records. The cognitive level was determined with the Symbol Digit Modalities Test. 24 All participants gave written informed consent before inclusion in the study.
Study Design and Procedure
Outcome measures on the body functions and structures, activity, and participation levels of the ICF were used in this cross-sectional study. All outcome measures were performed in 2 test sessions of 1.5 hours each. Both sessions were conducted at the same time of day, with 1 day between to avoid excessive fatigue. Furthermore, all outcome measures were conducted in a random order for both hands.
Outcome Measures
Body functions and structures level. Average handgrip strength (kilograms) was measured with a Jamar handheld dynamometer (Sammons Preston Rolyan, Bolingbrook, Illinois) during 3 trials in accordance with the procedure recommended by the American Society of Hand Therapists. 25 Overall upper limb muscle strength (pinch grip, elbow flexion, and shoulder abduction) was evaluated with the Motricity Index (MI) (normal scoreϭ100). 26 A goniometer was used to determine the active range of motion (AROM) of wrist extension (in degrees). The axis of the goniometer was positioned perpendicular to the wrist joint (triquetrum). The fixed segment of the goniometer was aligned with the midline of the ulna, and the moving segment was aligned with the fifth metacarpal. The median score (in degrees) of 3 trials was used in this study. Five SemmesWeinstein monofilaments (Smith & Nephew Inc, Germantown, Wisconsin) with different diameters (2.83, 3.61, 4.31, 4.56, and 6.65) were used to test tactile sensitivity in the fingertip of the thumb 27, 28 in accordance with the testing procedure described by Cuypers et al. 29 Scores on this test were categorized as follows: 2.83ϭ1, normal sensation; 3.61ϭ2, diminished light touch; 4.31ϭ3, diminished protective sensation; 4.56ϭ4, loss of protective sensation; 6.65ϭ5, untestable; finally, a score of 6 was given to participants who were not able to feel even the largest monofilament (6.65). The Fahn Tremor Rating Scale (5-point scale; 0ϭnone and 4ϭsevere amplitude) was used to assess intention tremor during the finger-nose test. 30 Dysmetria during the finger-nose test was evaluated with a 5-point scale (0ϭno impairment and 4ϭcannot use hands) as described by Alusi et al. 10 Muscle tone (spasticity) in the shoulder adductor, elbow flexor, and wrist flexor muscles was evaluated with the Modified Ashworth Scale (0ϭno increased muscle tone and 5ϭrigid; maximum scoreϭ15). 31 33 The time needed to place and remove 9 pegs was recorded and averaged over 2 trials. Manual dexterity speed was calculated as pegs per second and used in the analyses. Participants who had MS and were not able to place any peg within a time limit of 300 seconds received a score of 0 pegs per second. 3 The ARAT was used to evaluate the ability to handle various objects (scores of 0 -57; lower scores indicate low levels of upper limb function). The MAM-36 was used to assess perceived ease or difficulty that participants with MS may have experienced when performing 36 common ADL tasks. Participants with MS were asked to rate these tasks with a 4-point scale (4ϭeasy, 3ϭa little hard, 2ϭvery hard, 1ϭcannot do) regardless of which hand they used and without the help of custom-ordered adaptive equipment. The summed score for each participant was subsequently calibrated by Rasch analysis and converted to a "manual ability measure" (0 indicating lowest manual ability and 100 indicating perfect manual ability). 34 Participation level. The Community Integration Measure (CIQ) was used to assess home integration, social integration, and productive activities. The total CIQ score is the sum of scores on the 3 subcategories, with a high score (maximum scoreϭ29) indicating a high level of integration within the community. 35 
Data Analysis
For each participant, the mean score for both hands was calculated for each outcome measure and used in the statistical analyses. The study sample was divided into 2 manual dexterity subgroups according to their NHPT scores by use of a median split. Differences between the low-dexterity subgroup and the high-dexterity subgroup on the outcome measures were investigated with unpaired t tests. 36 were calculated to investigate the associations of measures on different ICF levels in the total group and the 2 manual dexterity subgroups. Multiple regression analyses with a hierarchical selection procedure were
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performed to examine the extent to which impairments on the body functions and structures level explained the variance in the activity level measures (NHPT, ARAT, and MAM-36). The order in which the independent variables were entered into the model was based on the findings of previous research 9 and the significant correlation coefficients found in the present study. Simple linear regression analyses were performed to examine the extent to which capacity measures (NHPT and ARAT as independent variables) explained the variance in perceived performance (MAM-36 as the dependent variable). An overview of the calculated regression models for the total group and both manual dexterity subgroups is shown in Table 1 . For all presented regression models, variable entry was set at 0.05 and removal was set at 0.10. Furthermore, the distribution of residuals, outliers, and multicollinearity (variance inflation factor) was checked for all models to ensure that the assumptions for multiple regressions were met. To manage and analyze the data, we used IBM SPSS Statistics 20.0 (IBM Inc, Armonk, New York) with the significance level set at a P value of less than .05. There were no missing data. 
Role of the Funding Source
Results
Participants
A total of 110 people with MS were screened at the various rehabilitation centers; 5 did not meet the required inclusion and exclusion criteria. Thus, 105 people with MS (mean ageϭ53.7 years [SDϭ11.1]; 62 women) gave written informed consent and participated in this study. The median EDSS score for the study sample was 6.5 (first to third quartilesϭ5.1-7.5), and the mean disease duration was 17.93 years (SDϭ11.18). The majority of the participants with MS were diagnosed with secondary progressive MS (55.2%), whereas 32.4% and 12.4% had relapsing-remitting MS and primary progressive MS, respectively. The mean score on the Symbol Digit Modalities Test was 27.91 points (SDϭ11.18). At the time of testing, 83.8% of the participants with MS were right-handed, and the others were left-handed (8.6%) or ambidextrous (7.6%). 
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The mean scores and standard deviations on the various upper limb outcome measures in the total group and both dexterity subgroups are shown in Table 2 . Participants who had MS and scored lower than 0.27 peg per second on the NHPT (corresponding to 33.3 seconds) were assigned to the low-dexterity subgroup, whereas participants who had MS and higher scores were assigned to the high-dexterity subgroup. The low-dexterity subgroup (nϭ51; median EDSS score of 7.0; first to third quartilesϭ6.5-8.0) had significantly lower scores than the high-dexterity subgroup (nϭ54; mean EDSS score of 5.5; first to third quartilesϭ3.3-6.5) on all outcome measures except the current pain level (Tab. 2).
Relationships Between Impairments on the Body Functions and Structures Level and Measures on the Activity and Participation Levels
Coefficients of correlation between impairments on the body functions and structures level and measures on the activity and participation levels in the total group and the low-and high-dexterity subgroups are shown in Table 3 . In the total group, low to high correlations were found between measures on the activity level (NHPT, ARAT, and MAM-36) and the following impairments: muscle strength (handgrip strength and MI), AROM of wrist extension, and spasticity. Tactile sensitivity of the thumb, intention tremor, dysmetria, and pain were significantly but weakly correlated with some activity level measures. Low correlations were found between the CIQ on the participation level and the following impairments on the body functions and structures level: MI, AROM of wrist extension, tactile sensitivity, and pain.
In the low-dexterity subgroup, low to high correlations were found 
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between muscle strength (handgrip strength and MI) and measures on the activity level (ARAT and MAM-36), but the strengths of the associations were lower in the highdexterity subgroup. The AROM of wrist extension was moderately to highly related to measures on the activity level in the low-dexterity subgroup, whereas no significant correlations were found in the highdexterity subgroup. Tactile sensitivity of the thumb was associated with the ARAT in the high-dexterity subgroup but not in the low-dexterity subgroup. Furthermore, the CIQ on the participation level was significantly but weakly related to the MI only in the high-dexterity subgroup.
Regression analyses (Tab. 4) for the total group revealed that 53% of the variance in the NHPT was explained by the MI, tactile sensitivity of the thumb, and intention tremor. Furthermore, the MI and AROM of wrist extension explained 64% of the variance in the ARAT, and the MI, tactile sensitivity of the thumb, and intention tremor explained 54% of the variance in the MAM-36. Furthermore, only 14% of the variance in the CIQ could be explained by the MI and tactile sensitivity of the thumb for the total group.
Regression analyses for the lowdexterity subgroup revealed that 71% of the variance in the ARAT was explained by the MI and AROM of wrist extension, whereas the MI explained only 43% of the variance in the MAM-36. For the highdexterity subgroup, not all models met the assumptions. Only 35% of the variance in the MAM-36 was explained by the MI. Figure) .
Relationships Between
Regression analyses for the total group revealed that 44% and 42% of the variances in the MAM-36 were explained by the NHPT and the ARAT, respectively (Tab. 4). In the low-dexterity subgroup, the ARAT similarly explained 45% of the variance in the MAM-36, whereas in the high-dexterity subgroup, the assumptions of a regression model were not met (Tab. 4).
Discussion
The present study investigated the associations among outcome measures on different ICF levels in people with MS. Correlation and regression analyses revealed the extent to which impairments on the body functions and structures level explained the variances in upper limb capacity, perceived performance in daily life, and participation within the community. Furthermore, 
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the results of the present study clearly indicated that these associations differed in people with MS and different dexterity levels.
Relationships Between Impairments on the Body Functions and Structures Level and Measures on the Activity and Participation Levels
In the total group and both dexterity subgroups, general upper limb strength (MI) was the only impairment that was most strongly associated with upper limb capacity measures (NHPT and ARAT) and perceived performance (MAM-36) on the activity level. In almost all (5/6) regression models, general upper limb strength was one of the retained variables. However, the strength of the associations was higher in the low-dexterity subgroup than in the high-dexterity subgroup, perhaps because participants with MS in the low-dexterity subgroup had significantly more muscle weakness than those in the high-dexterity subgroup. Most participants with MS in the low-dexterity subgroup had an MI score below 90 of 100, whereas 14 participants with MS in the high-dexterity subgroup had the maximum score on the MI. In addition, our findings are in line with those of earlier studies performed in people with MS and different dexterity levels. 7-9 Guclu-Gunduz et al 7 found a significant moderate correlation (rϭϪ.44) between elbow flexion strength measured with a handheld dynamometer and the NHPT in 22 people with MS and less disability (median EDSS score of 2). However, shoulder abduction and flexion strength were not significantly related to the NHPT. 7 In contrast, moderate to high correlations (rϭ.69 -.79) between muscle strength (MI) and perceived performance (Motor Activity Log [MAL]) were found in people with MS with more disability (median EDSS score of Ͼ7.0). 8, 9 On the basis of these results, general upper limb strength is considered to be an important outcome measure explaining upper limb capacity and perceived performance in people with MS, especially in people with MS and a low dexterity level.
Handgrip strength showed low to moderate correlations with capacity and perceived performance measures. Similarly, in other studies, low to moderate correlations were found between handgrip strength and the NHPT, 6,7 MAL, 9 or MAM-36. 5 On the basis of these results, one may assume that other motor impairments, such as maximum strength in the fingers, force control, or muscle fatigue, may be more related to upper limb capacity or performance in ADL than maximum handgrip strength. Further research regarding the assessment of these motor impairments and their relationships with the activity and participation levels is needed.
Although the difference between the mean scores of both manual dexterity subgroups was relatively small, participants with MS in the lowdexterity subgroup had significantly less AROM of wrist extension than did participants with MS in the high-dexterity subgroup. Only in the total group and the low-dexterity subgroup was active wrist extension significantly correlated with the activity level measures. Moreover, it was one of the variables retained in the regression model predicting the variance in the ARAT for these groups. These findings confirm, as expected from a clinical
Figure.
Distributions of Manual Ability Measure-36, Nine-Hole Peg Test, and Action Research Arm Test scores for low-and high-dexterity subgroups.
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point of view, that the performance of ARAT test items requires a minimum AROM of wrist extension (eg, placing blocks on a shelf). However, decreased AROM of wrist extension seems to have no role in explaining the variance in the NHPT and the perceived ease or difficulty of performing ADL tasks (MAM-36). The fact that the median score in the high-dexterity subgroup was close to the normative values (60°-75°) 37 may explain the lack of association between the AROM of wrist extension and the activity level in the highdexterity subgroup.
Impaired tactile sensitivity in the thumb was present in both manual dexterity subgroups but was significantly correlated with activity level measures only in the total group and the high-dexterity subgroup. This result was confirmed by regression analyses in which tactile sensitivity was one of the retained variables in the models predicting variances in the NHPT and the ARAT for the total group. Remarkably, tactile sensitivity was not a retained variable in the regression models for either of the manual dexterity subgroups. In addition to these results, a moderate correlation between tactile sensitivity of the thumb and the NHPT was reported by GucluGunduz et al. 7 On the basis of these results, one may postulate that impaired tactile sensitivity has a substantial impact on upper limb capacity (NHPT and ARAT) only when motor functions are adequate for task execution. However, it appears to have no impact on the perceived ease or difficulty of performing ADL tasks. These findings suggest that people with MS may have developed compensation strategies for performing their ADL (eg, visual compensation). Furthermore, we acknowledge that other sensory modalities, such as kinesthetic modalities, proprioception, and vibration, may affect the ability to perform ADL.
In conclusion, general upper limb strength was found to be the most important impairment affecting the capacity to perform ADL and perceived upper limb performance in daily life in people with MS. Besides muscle strength, the AROM of wrist extension and tactile sensitivity of the thumb were also important contributors. These findings may help clinicians to select appropriate rehabilitation interventions (eg, strength training or sensory training in people with MS and a high dexterity level) to improve disability on the activity level in people with MS. Furthermore, the results of the present study suggest that impairments on the body functions and structures level and disability on the activity level are not highly related to participation within the community. This finding was expected because other factors, such as walking ability and balance, likely are important factors influencing participation.
Relationships Between Capacity and Perceived Performance Measures on the Activity Level
The capacity measures were able to predict 44% (NHPT) to 42% (ARAT) of the variance in the perceived performance measure in the total group. These results are consistent with those of earlier research performed with a smaller study sample; in that research, regression analyses revealed that the NHPT was able to predict 55% of the variance in the MAL in the nondominant and more impaired arm. 9 In the latter study, a high correlation was found between the ARAT and the MAL. Despite the fact that the MAL and the MAM-36 have different scoring methods, the associations between perceived performance and capacity measures appeared to be similar, especially in people with MS and a low dexterity level.
The associations between capacity and perceived performance measures in the low-dexterity subgroup were similar to those in the total group. In contrast, only low to nonsignificant correlations were found between perceived performance and capacity measures in the highdexterity subgroup. The low correlations between the ARAT and the MAM-36 in the high-dexterity subgroup can be explained by the lack of variation in ARAT scores, as most participants with MS in this group had an ARAT score above 53, close to the maximum score (57). In contrast, NHPT scores were more varied (Figure) . Most participants with MS in the high-dexterity subgroup performed the NHPT at 0.33 peg per second (median score for the high-dexterity subgroup). Despite the relatively high, almost normal scores on these capacity measures, the MAM-36 scores mostly ranged between 60 and 80, suggesting that these participants with MS performed daily life tasks with different levels of ease or difficulty.
In conclusion, both the NHPT and the ARAT were valid outcome measures for assessing upper limb capacity in people with MS and a low dexterity level, whereas the ARAT had a ceiling effect in people with MS and rather high manual dexterity, that is, those who could perform the NHPT faster than 0.27 peg per second. 
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